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(57) ABSTRACT 

Improved oil-in-Water emulsions are provided and a method 
for their manufacture. In particular, the emulsions comprise a 
means to control delivery of oil-soluble or Water-soluble 
actives in a core comprising a liquid oil or gel oil continuous 
phase, Which actives can be delivered With improved deposi 
tion to surfaces such as, in particular, the skin, gastro-intesti 
nal tract and that de?ned by the oral cavity. The emulsions are 
also noted for their improved stability. 
The stable emulsion comprises a stable droplet dispersed in 
an aqueous phase, the stable droplet comprising a core, a ?rst 
inner layer coating the core, and a second outer layer coating 
the ?rst inner layer, Wherein the core comprises at least a 
liquid oil or gel oil continuous phase, Wherein the ?rst inner 
layer comprises at least one at least partially solid uncharged 
emulsi?er and at least one anionic or cationic or ZWitterionic 
emulsi?er, the second outer layer comprises a ?rst polycation 
or ?rst polyanion or ?rst polyZWitterion of opposing charge to 
the ?rst inner layer, and Wherein the at least partially solid 
uncharged emulsi?er forms a solution in the aqueous phase or 
the liquid oil phase or the gel oil phase at temperatures greater 
than room temperature, preferably greater than 40, more pref 
erably greater than 50, even more preferably greater than 60 
degrees Centigrade. 
The invention also provides a product selected from the group 
consisting of a food product, a home care product, a personal 
care product and a pharmaceutical product, Wherein each 
product comprises emulsion of the invention. 

15 Claims, 4 Drawing Sheets 
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OIL-IN-WATER EMULSIONS 

Improved oil-in-Water emulsions are provided and a 
method for their manufacture. In particular, the emulsions 
comprise a means to control delivery of oil-soluble or Water 
soluble actives in a core comprising a liquid oil or gel oil 
continuous phase, Which actives can be delivered With 
improved deposition to surfaces such as, in particular, the 
skin, gastro-intestinal tract and that de?ned by the oral cavity. 
The emulsions are also noted for their improved stability. 

BRIEF DESCRIPTION OF THE INVENTION 

In a ?rst aspect of the invention, a stable emulsion is pro 
vided comprising a droplet dispersed in an aqueous phase, the 
droplet comprising a core, a ?rst inner layer coating the core, 
and a second outer layer coating the ?rst inner layer, Wherein 
the core comprises at least a liquid oil or gel oil continuous 
phase, Wherein the ?rst inner layer comprises at least one at 
least partially solid uncharged emulsi?er and at least one 
anionic or cationic or ZWitterionic emulsi?er, the second 
outer layer comprises a ?rst polycation or ?rst polyanion or 
?rst polyZWitterion of opposing charge to the ?rst inner layer, 
and Wherein the at least partially solid uncharged emulsi?er 
forms a solution in the aqueous phase or the liquid oil phase 
or the gel oil phase at temperatures greater than room tem 
perature, preferably greater than 40, more preferably greater 
than 50, even more preferably greater than 60 degrees centi 
grade. 

It is thought that the at least partially solid uncharged 
emulsi?er must be uncharged so that it is less likely to remain 
dispersed in the aqueous phase and must be at least partially 
solid thereby to improve the stability of the emulsi?ed liquid 
oil or gel oil phase by formation of a solid interface betWeen 
the aqueous phase and liquid oil or gel oil phase. Preferably 
the uncharged emulsi?er is solid and forms a solution in the 
aqueous phase or the liquid oil phase or the gel oil phase at 
temperatures greater than room temperature, preferably 
greater than 40, more preferably greater than 50, even more 
preferably greater than 60 degrees centigrade. 

The release pro?le of actives from the core can be opti 
mised for a given purpose by changing the composition of the 
?rst inner layer and the second outer layer. In particular the 
release pro?le may be tailored to respond to changes in tem 
perature, salt levels, pH or the presence of particular enZymes 
present in, for example, the mouth. Thus the release pro?le 
may be optimised for sensorial reWard or to improve ef?cacy, 
for example by enabling sustained release of an active, or to 
mitigate negative side-effects, such as skin irritancy, arising 
from a more intense release of an active over a shorter time 

period. 
The core may have a largest dimension of 0.010 to 200 um, 

preferably 0.050 to 30 um and can adopt any shape, such as a 
sphere, a rod, a disc, as Well as other ill-de?ned shapes. 
Preferably the core is spherical. 

The combined thickness of the ?rst inner layer and the 
second outer layer may be 0.001 to 0.500 um and thus the 
largest dimension of the droplet may be 0.012 to 200.1 um, 
preferably 0.052 to 31.0 pm. The thickness of the ?rst inner 
layer and the second outer layer may be measured by using 
commonly knoWn methods such as ellipsometry, dual polari 
sation interferometry, optical Waveguide light spectroscopy, a 
quartZ crystal microbalance, dynamic light scattering, atomic 
force microscopy (or other scratch test instruments using 
similar principles) or ?uorescent confocal microscopy. 
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2 
Usually a droplet comprises 0.001 to 99.999, preferably 10 

to 99.999, more preferably 20 to 99.999, most preferably 50 
to 99.999% by Weight core based on the total Weight of the 
droplet. 
The core may be selected from the group consisting of a 

liquid oil, a gel oil, a Water-in-liquid oil emulsion, a Water 
in-gel oil emulsion, a multiple emulsion Wherein the continu 
ous phase is a liquid oil or a gel oil, and a liquid oil or gel oil 
continuous phase dispersion. Thus oil-soluble actives can be 
carried in the liquid oil or gel oil phase and Water-soluble 
actives may be carried in any aqueous phase Within the drop 
let. Indeed both oil-soluble and Water-soluble actives may be 
carried in the same droplet simultaneously. 
The liquid oil or gel oil phase may be selected from the 

group consisting of vegetable oil, animal oil, mineral oil and 
synthetic oil. Preferred vegetable oils are coconut oil, corn 
oil, cottonseed oil, canola oil (rapeseed oil), olive oil, palm 
oil, peanut oil (ground nut oil), sa?IoWer oil, sesame oil, 
soybean oil, sun?oWer oil, almond oil, casheW oil, haZelnut 
oil, macadamia oil, pecan oil, pistachio oil, Walnut oil, acai 
oil, blackcurrant seed oil, borage seed oil, evening primrose 
oil, carob seed pods, amaranth oil, apricot oil, argan oil, 
avocado oil, babassu oil, ben oil, carob pod oil (algaroba oil), 
coriander seed oil, false ?ax oil (made of the seeds of cam 
elina sativa), coriander seed oil, hemp oil, kapok seed oil, 
meadoWfoam seed oil, mustard oil (pressed), okra seed oil, 
perilla seed oil, pine seed oil, poppyseed oil, prune kernel oil, 
pumpkin seed oil, quinoa oil, ramtil oil, rice bran oil, tea oil 
(camellia oil), thistle oil, Wheat germ oil, castor oil, radish oil, 
ramtil oil, allanblackia oil and tung oil. Preferred animal oils 
are talloW oil and ?sh oil (for example cod liver oil). 

Preferably the at least partially solid uncharged emulsi?er 
is at least partially crystalline. More preferably the at least 
partially solid uncharged emulsi?er is selected from the 
group consisting of a sucrose ester, a (poly)-glycerol ester of 
a fatty acid and a sorbitan ester. In particular the sucrose ester 
may be of formula (I) 

Wherein R1, R2, R3, R4 and R5 are independently from each 
other any non-toxic fatty acid radical, such as stearic acid, 
palmitic acid, oleic acid, lauric acid, erucic acid and other 
fatty acid radicals. Speci?c examples of suitable sucrose 
esters are mixtures of sucrose monostearate and sucrose dis 

tearate (especially the 70%:30% mixture) or mixtures of 
sucrose monopalmitate and sucrose dipalmitate. 
The anionic emulsi?er may be selected from the group 

consisting of stearic acid and palmitic acid. The cationic 
emulsi?er may be selected from the group consisting of cetyl 
trimethylammonium chloride, cetylpyridinium chloride, 
benZethonium chloride, hydroxypropyl guar hydroxypropyl 
trimonium chloride (Jaguar C 162 available from Rhodia) and 
guar hydroxypropyl trimonium chloride (Jaguar C 13 S avail 
able from Rhodia). The ZWitterionic emulsi?er may be 
selected from the group consisting of a lecithin, cocami 



US 8,187,583 B2 
3 

dopropyl betaine, dodecyl betaine and phosphatidylcholine. 
In use, the net charge of the ZWitterionic emulsi?er is con 
trolled through pH to yield either a net negative (anionic) or 
net positive (cationic) charge. 

In a preferred embodiment of the invention, the emulsion 
additionally comprises a third outer layer coating the second 
outer layer, the third outer layer comprising at least a second 
polyanion or at least a second polycation or at least a second 
polyZWitterion of opposing charge to the second outer layer. 
The coated particle may comprise more than three layers, for 
example at least four layers, With successive layers, in alter 
nating fashion, comprising at least a polyanion or a polyca 
tion or a polyZWitterion, a fourth layer coating the third outer 
layer, Wherein the fourth layer comprises a polyelectrolyte of 
opposing charge to the polyelectrolyte (second polyanion or 
second polycation or second polyZWitterion) of the third out 
ermost layer. Preferably the coated particle comprises 2 to 20 
layers, more preferably 3 to 20 layers, even more preferably 2 
to 10 layers, most preferably 3 to 10 layers. The release pro?le 
of actives from the core can be optimised for a given purpose 
by varying the number of layers With additional layers typi 
cally sloWing release. 
By polyanion is meant a charged molecule With a net 

negative charge and at least tWo charged groups. By polyca 
tion is meant a charged molecule With a net positive charge 
and at least tWo charged groups. By polyZWitterion is meant a 
charged molecule With a net charge of at least tWo positive 
charges or tWo negative charges through manipulation of the 
pH. Thus the ?rst polyanion and the second polyanion may be 
selected from the group consisting of alginate, carboxym 
ethylamylose, carboxymethylcellulose, carboxymethyldext 
ran, carageenan, cellulose sulphate, chrondroitin sulphate, 
chitosan sulphate, dextran sulphate, gum arabic, gellan gum, 
heparin, hyaluronic acid, pectin, amidated pectins, Xanthan 
gum, proteins and glycoproteins. The ?rst polycation and the 
second polycation may be selected from the group consisting 
of chitosan, modi?ed dextrans, hydroxymethylcellulose tri 
methylamine, lysoZyme, polylysine, protamine sulphate, 
hydroxyethylcellulose trimethylamine and proteins. 

In a second aspect of the invention, a product is provided, 
the product selected from the group consisting of a food 
product, a home care product, a personal care product and a 
pharmaceutical product, Wherein each product comprises the 
emulsion of the invention. 
By food product is meant any food product for animals or 

humans though preferably for humans. Thus suitable food 
products include any kind of drink or other liquid food prod 
uct, snacks, candies and confections, cookies, ?llings, top 
pings, dessert mixes, granola bars, energy bars, shelf stable 
poWders, puddings, yogurts, froZen yogurts, ice creams, cere 
als, meal replacements, baked goods, pasta products, military 
rations, specially formulated foods for children, mayonnaise, 
salad dressings, sauces, dips, creams, gravies, spreads, soups, 
coffee Whiteners and desserts. 
Home care products include laundry detergents and fabric 

softeners particularly When incorporating perfumes. 
Personal care products include skin creams, soaps, soap 

bars, bath and shoWer gels, shampoos, mousses, deodorants, 
anti-perspirants, lipsticks, sunscreens and oral care products 
such as toothpastes and mouthWashes. 

In a third aspect of the invention, a process for the manu 
facture of the emulsion of the invention is provided, the 
method comprising the steps of: 
(a) emulsifying the liquid oil or gel oil phase in the aqueous 

phase With the at least one at least partially solid uncharged 
emulsi?er thereby to form a solid interface betWeen the tWo 
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4 
phases, Wherein the at least one at least partially solid 
uncharged emulsi?er is hydrolysable; then 

(b) partially hydrolysing the at least one at least partially solid 
uncharged emulsi?er thereby to form the at least one 
anionic or cationic or ZWitterionic emulsi?er thereby to 
form a core coated With the ?rst inner layer; then 

(c) Washing the core coated With the ?rst inner layer; and then 
(d) applying the second outer layer to the ?rst inner layer 

thereby to form an emulsion according to the invention. 
In a fourth aspect of the invention, another process for the 

manufacture of the emulsion of the invention is provided, the 
process comprising the steps of: 
(a) emulsifying the liquid oil or gel oil phase in the aqueous 

phase With the at least one at least partially solid uncharged 
emulsi?er and the at least one anionic or cationic or ZWit 
terionic emulsi?er, thereby to form a solid interface 
betWeen the tWo phases and, thereby to form a core coated 
With the ?rst inner layer; then 

(b) Washing the core coated With the ?rst inner layer; and then 
(c) applying the second outer layer to the ?rst inner layer 

thereby to form the emulsion of the invention. 
In one embodiment of the invention, the processes for the 

manufacture of an emulsion according to the invention fur 
ther comprise the steps of: 
(a) Washing the core coated With the ?rst inner layer and 

second outer layer; then 
(b) applying the third outer layer to the second outer layer 

thereby to form the emulsion of the invention; then option 
ally 

(c) Washing the core coated With the ?rst inner layer, second 
outer layer and third outer layer; and then optionally 

(d) repeating the application and Washing steps for successive 
layers of polycation or polyanion or polyZWitterion 
The process of emulsifying the liquid oil or gel oil phase in 

the aqueous phase With the at least one at least partially solid 
uncharged emulsi?er thereby to form a solid interface 
betWeen the tWo phases can comprise the steps of: 
(a) solubilising the at least one at least partially solid 

uncharged emulsi?er in the aqueous phase or the liquid oil 
phase or the gel oil phase at temperatures greater than room 
temperature, preferably greater than 40, more preferably 
greater than 50, even more preferably greater than 60 
degrees centigrade; 

(b) combining the liquid oil or gel oil phase With the aqueous 
phase; 

(c) emulsifying the liquid oil or gel oil phase in the aqueous 
phase at the temperature at Which the at least one at least 
partially solid uncharged emulsi?er remains in solution in 
the aqueous phase or the liquid oil phase or gel oil phase 
thereby to produce a base emulsion; 

(d) cooling the base emulsion thereby to form a solid interface 
betWeen the tWo phases; 

Wherein steps (a) and (b) may be reversed 
Electrophoretic measurements, by determining the Zeta 

potential or/and the surface charge of the partly or Wholly 
formed droplets, are used to con?rm the satisfactory presence 
of each layer and that the charge of each layer is altemating. 
The application step is carried out by immersing the partly 
formed droplet in an aqueous solution of the relevant poly 
electrolyte. The degree of application of each layer can be 
controlled by varying the pH, the ionic composition of each 
solution, the temperature of each solution and ionic strength 
of each solution. The Washing step is carried out in a Washing 
liquor of Water or an aqueous solution of appropriate pH and 
ionic strength folloWed by separation of the partly or Wholly 
formed droplets from the Washing liquor by, for instance, 
centrifugation. The amount of each layer can be controlled by 
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varying the temperature of the Washing liquor. The partly or 
Wholly formed droplets may be subject to more than one 
Wash. 

BRIEF DESCRIPTION OF THE FIGURES 

The invention Will noW be illustrated With reference to: 
FIGS. 1a and 1b Which shoW the cooling and subsequent 

heating behaviour respectively of a 5% W/W sugar ester 
(P-1670) aqueous dispersion using differential scanning calo 
rimetry; 

FIGS. 2a and 2b Which shoW the cooling and subsequent 
heating behaviour respectively of a 5% W/W monoglyceride 
(Dimodan HP) aqueous dispersion using differential scan 
ning calorimetry; 

FIGS. 3a and 3b Which shoW the cooling and subsequent 
heating behaviour respectively of a 5% W/W monoglyceride 
(Dimodan HP) sun?ower oil dispersion using differential 
scanning calorimetry; and 

FIG. 4 Which shoWs the ?avour release from the sugar 
ester-chitosan stabilised emulsions prepared in example 4. 

DETAILED DESCRIPTION OF THE INVENTION 

Example 1 

Thermal Properties of a Sugar Ester Mixed With 
Water 

A 5% W/W sugar ester (Ryoto P-1670, Mitsubishi-Kagaku 
Foods Corporation, Japan) aqueous dispersion Was prepared 
at room temperature. The dispersion Was heated in a Setaram 
Micro DSC III differential scanning calorimeter. Approxi 
mately 0.7 g samples Were loaded into 1 cm3 stainless steel 
cuvettes and scanned over the temperature range 0 to 99° C. at 
a rate of 05° C./minute against a Water reference. FIGS. 1a 
and 1b shoW the cooling and subsequent reheating curves 
respectively from Which an exothermic event is observed on 
cooling as the sugar ester crystallises from solution (FIG. 1a) 
and an endothermic event is observed on heating as the sugar 
ester melts (FIG. 1b). 

Example 2 

Thermal Properties of a Commercial Monoglyceride 
Mixed With Water 

A 5% W/W monoglyceride (Dimodan HP, Danisco) aque 
ous dispersion Was prepared at room temperature. The dis 
persion Was heated in a Setaram Micro DSC III differential 
scanning calorimeter. Approximately 0.7 g samples Were 
loaded into 1 cm3 stainless steel cuvettes and scanned over the 
temperature range 0 to 99° C. at a rate of 05° C./minute 
against a Water reference. FIGS. 2a and 2b shoW the cooling 
and subsequent reheating curves respectively from Which an 
exothermic event is observed on cooling as the monoglycer 
ide crystallises from solution (FIG. 2a) and an endothermic 
event is observed on heating as the monoglyceride melts 

(FIG. 2b) 

Example 3 

Thermal Properties of a Commercial Monoglyceride 
Mixed With Sun?ower Oil 

A 5% W/W monoglyceride (Dimodan HP, Danisco) sun 
?oWer oil dispersion Was prepared at room temperature. The 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
dispersion Was heated ina Setaram Micro DSC III differential 
scanning calorimeter. Approximately 0.7 g samples Were 
loaded into 1 cm3 stainless steel cuvettes and scanned over the 
temperature range 0 to 99° C. at a rate of 05° C./minute 
against a sun?oWer oil reference. FIGS. 3a and 3b shoW the 
cooling and subsequent reheating curves respectively from 
Which an exothermic event is observed on cooling as the 
monoglyceride crystallises from solution (FIG. 3a) and an 
endothermic event is observed on heating as the monoglyc 
eride melts (FIG. 3b) 

Example 4 

Process for Making an Oil-in-Water Emulsion With 
Oil Droplets Comprising a Chitosan Second Outer 

Layer on a Sucrose Ester First Inner Layer Which has 
been Previously Partially Hydrolysed 

A one liter aqueous solution of 1% W/W sugar ester (Ryoto 
P-1670, Mitsubishi-Kagaku Foods Corporation, Japan) in 
0.1% W/W potassium sorbate Was prepared. To this 2 cm3 of 
phosphoric acid Was added to reduce the pH to 4.0. The 
solution Was then heated to boiling and 500 cm3 of this hot 
solution mixed With a palm oil blend (Creamelt 900, Loders 
Croklaan) to give the required oil content. Menthol Was added 
to the oil phase prior to making the emulsion at a level to give 
0.08% W/W menthol in the ?nal emulsion. The mixture Was 
homogenised using a Silverson LR4 mixer running at high 
speed for 30 seconds and the resulting emulsion held at 85° C. 
for tWo minutes. The emulsion Was then alloWed to cool and 
Was stored at 4° C. The emulsion oil content Was 20% W/W. 
The emulsion Was Washed With sterile distilled Water to 
remove the excess sugar ester and then the pH changed to 
betWeen 10-12 by the drop Wise addition of 1 mol/dm'3 
NaOH in Water. The emulsion then Was centrifuged for 30 
minutes at 5000 rpm in a Sorvall RC5C centrifuge in an 
8><250 cm3 rotor. The emulsion Was then Washed With sterile 
Water until a pH of 6.8 Was reached. 

The emulsion Was then mixed 50:50 W/W for 30 minutes 
With previously pasteurised 0.2% W/W chitosan aqueous solu 
tion (ChitoClear, Primex Ingredients ASA, NorWay), con 
taining 0.1% potassium sorbate, 2 cm3/liter phosphoric acid 
and 150 mM NaCl at pH 4. After Washing once With distilled 
Water, the emulsion Was centrifuged at 5000 rpm in a Sorvall 
RC5C centrifuge and the aqueous phase discarded. The emul 
sion Was then mixed 50:50 W/W for 30 minutes With a previ 
ously pasteurised 0.2% W/W chitosan aqueous solution con 
taining 0.1% potassium sorbate, 2 cm3/liter phosphoric acid 
and 150 mM NaCl at pH 4. The excess chitosan solution Was 
removed by centrifugation at 5000 rpm in a Sorvall RC5C 
centrifuge and the aqueous phase discarded and replaced by 
Water. After Washing extensively With distilled Water the mix 
ture Was centrifuged and the aqueous phase discarded. The oil 
phase Was then re-suspended to make a desired product. 
A control emulsion Was prepared in the same manner 

except that the pH of the Washing solution Was not increased 
to pH 11 prior to the chitosan solution being introduced. 

Electrophoretic mobility measurements Were carried out 
on a Malvem ZetaSiZer Nano series instrument With back 
scattering dynamic light scattering detection. The mobility 
data Was used to calculate the Zeta potential or surface charge 
density of the droplets. Samples Were prepared by dilution in 
deionised Water to approximately 1% by Weight oil in order to 
make measurements. 1 ml of the prepared samples Was 
loaded into the cuvettes and the data obtained at 25° C. The 
results Were analysed using the Malvem DTS (Dispersion 
Technology SoftWare). Table 1 shoWs the Zeta potential for 
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the tWo emulsions in Which it can be seen that the alkali 
treatment has caused the Zeta potential of the emulsion to be 
increased signi?cantly (signi?cantly more positively 
charged). 

TABLE 1 

8 
duced. Table 2 shoWs the Zeta potential for the tWo emulsions 
in Which it can be seen that the alkali treatment has caused the 
Zeta potential of the emulsion to be increased signi?cantly 
(signi?cantly more positively charged). 

TABLE 2 

Zeta potential measurement of the emulsions of example 4 Zeta potential measurement of the emulsions of example 5 

Sample Zeta potential (mV) 

Control emulsion +10.6 
Alkali treated emulsion +42.7 

Sample Zeta potential (mV) 

Control emulsion —4.43 
Alkali treated emulsion +17.8 

Flavour release Was measured by an atmospheric pressure 
chemical ionisation mass spectrometry (APCI-MS) breath 
technique using a Navigator mass spectrometer ?tted With 
APcl interface, and MassLynx and Xcalibur softWare. This 
technique measures the release of volatile (?avour) molecules 
into the nasal cavity from a food sample during a cheWing 
process The technique involves gently sucking exhaled air 
from the nose into the mass spectrometer Where the volatiles 
are detected as protonated [M+H]+ ions. The subject sipped 
2.5 ml of the sample and sWilled it around in the mouth, 
sWalloWed it and then cheWed at a rate of approximately 1 
cheW per second With a respiratory rate of betWeen 6-8 
breaths per minute for 5 minutes. After this time the panellist 
Washed their mouth With Water before taking a second 
sample. Each product Was sampled in duplicate or triplicate. 
The obtained chromatograms Were integrated and the mean 
area counts of each exhalation peak Were plotted as a function 
of time and the results presented as time-intensity pro?les. 
Results Were obtained in duplicate. 

Further details of the technique can be found in “Atmo 
spheric pressure chemical ionisation mass spectrometry for 
in-vivo analysis of volatile ?avour release”, Blake et al., Food 
Chem., 71(3), 327-338, (2000). The ?avour release pro?les 
for the emulsions are shoWn in FIG. 4 and shoW that the 
emulsion prepared With the alkali pre-treatment gives a more 
sustained release of menthol ?avour. This result is consistent 
With the more positively charged emulsion particles interact 
ing more favourably With the surfaces de?ned by the oral 
cavity. 

Example 5 

Process for Making an Oil-in-Water Emulsion With 
Oil Droplets Comprising a Chitosan Second Outer 
Layer on a Monoglyceride Ester First Inner Layer 
Which has been Previously Partially Hydrolysed 

A one liter aqueous solution of 1% W/W monoglyceride 
(Dimodan HP, Danisco) plus 0.05% W/W Polysorbate 60 
(TWeen 60, Uniquema) in 0.1% W/W potassium sorbate Was 
prepared. To this 2 cm3 of phosphoric acid Was added to 
reduce the pH to 4.0. The solution Was then heated to 85° C. 
and 500 cm3 of the hot solution mixed With a palm oil blend 
(Creamelt 900, Loders Croklaan) to give the required oil 
content. The mix Was homogenised using a Silverson LR4 
mixer running at high speed for 30 seconds and the resulting 
emulsion held at 850 C. for tWo minutes. The mixture Was 
then alloWed to cool and stored at 40 C. The emulsion oil 
content Was 20% W/W. The emulsion Was then treated in 
identical fashion as set forth for example 4 and electro 
phoretic mobility measurements carried out on an emulsion 
according to the invention and a control prepared in the same 
manner except that the pH of the Washing solution Was not 
increased to pH 11 prior to the chitosan solution being intro 
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Example 6 

Process for Making an Oil-in-Water Emulsion With 
Oil Droplets Comprising a Chitosan Second Outer 

Layer on a Palmitic Acid First Inner Layer Which has 
been Previously Partially Hydrolysed 

An emulsion according to the invention and a control emul 
sion Were prepared in the same manner as described herein 
above for example 5 except the 1% W/W monoglyceride Was 
replaced by 1% W/W palmitic acid (Sigma PO500). Table 3 
shoWs the Zeta potential for the tWo emulsions in Which it can 
be seen that the alkali treatment has caused the Zeta potential 
of the emulsion to be increased signi?cantly (signi?cantly 
more positively charged). 

TABLE 3 

Zeta potential measurement of the emulsions of example 6 

Sample Zeta potential (mV) 

Control emulsion +0.5 
Alkali treated emulsion +32.0 

Example 7 

Process for Making an Oil-in-Water Emulsion With 
Oil Droplets Comprising a LysoZyme Second Outer 
Layer on a Sucrose Ester First Inner Layer Which has 

been Previously Partially Hydrolysed 

An emulsion according to the invention and a control emul 
sion Were prepared in the same manner as described herein 
above for example 4 except the 0.2% W/W chitosan aqueous 
solution (ChitoClear, Primex Ingredients ASA, NorWay), 
containing 0.1% potassium sorbate, 2 cm3/liter phosphoric 
acid and 150 mM NaCl at pH 4 Was replaced by 0.2% W/W 
lysoZyme aqueous solution. Table 4 shoWs the Zeta potential 
for the tWo emulsions in Which it can be seen that the alkali 
treatment has caused the Zeta potential of the emulsion to be 
increased signi?cantly (signi?cantly less negatively 
charged). In this case the charge is still negative Which may be 
due to the fact that the control emulsion had a much more 
negative charge. 

TABLE 4 

Zeta potential measurement of the emulsions of example 7 

Sample Zeta potential (mV) 

Control emulsion — 14.7 

Alkali treated emulsion —4.4 
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The invention claimed is: 
1. A stable emulsion comprising a droplet dispersed in an 

aqueous phase, the droplet comprising a core, a ?rst inner 
layer coating the core, and a second outer layer coating the 
?rst inner layer, Wherein the core comprises at least a liquid 
oil or gel oil continuous phase, Wherein the ?rst inner layer 
comprises at least one at least partially solid uncharged emul 
si?er and at least one anionic or cationic or ZWitterionic 
emulsi?er, the second outer layer comprises a ?rst polycation 
or ?rst polyanion or ?rst polyZWitterion of opposing charge to 
the ?rst inner layer, and Wherein the at least partially solid 
uncharged emulsi?er forms a solution in the aqueous phase or 
the liquid oil or the gel oil phase at temperatures greater than 
room temperature. 

2. An emulsion according to claim 1, Wherein the core is 
selected from the group consisting of a liquid oil, a gel oil, a 
Water-in-liquid oil emulsion, a Water-in-gel oil emulsion, a 
multiple emulsion Wherein the continuous phase is a liquid oil 
or a gel oil, and a liquid oil or gel oil continuous phase 
dispersion. 

3. An emulsion according to claim 1, Wherein the liquid oil 
or gel oil continuous phase is selected from the group con 
sisting of Vegetable oil, animal oil, mineral oil and synthetic 
oil. 

4. An emulsion according to claim 1, Wherein the at least 
partially solid uncharged emulsi?er is at least partially crys 
talline. 

5. An emulsion according to claim 1, Wherein the at least 
partially solid uncharged emulsi?er is selected from the 
group consisting of a sucrose ester, a (poly)-glycerol ester of 
a fatty acid and a sorbitan ester. 

6. An emulsion according to claim 5, Wherein the sucrose 
ester is of formula (I) 

Wherein R1, R2, R3, R4 and R5 are independently from each 
other any non-toxic fatty acid radical. 
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7. An emulsion according to claim 1, Wherein the anionic 

emulsi?er is selected from the group consisting of stearic acid 
and palmitic acid. 

8. An emulsion according to claim 1, Wherein the cationic 
emulsi?er is selected from the group consisting of cetyl tri 
methylammonium chloride, cetylpyridinium chloride, ben 
Zethonium chloride, hydroxypropyl guar hydroxypropyl tri 
monium chloride and guar hydroxypropyl trimonium 
chloride. 

9. An emulsion according to claim 1, Wherein the ZWitte 
rionic emulsi?er is selected from the group consisting of a 
lecithin, cocamidopropyl betaine, dodecyl betaine, phos 
phatidyletholamine and phosphatidylcholine. 

10. An emulsion according to claim 1 additionally com 
prising a third outer layer coating the second outer layer, the 
third outer layer comprising at least a second polyanion or at 
least a second polycation or at least a second polyZWitterion 
of opposing charge to the second outer layer. 

11. An emulsion according to claim 1 Wherein the ?rst 
polyanion, is selected from the group consisting of alginate, 
carboxymethylamylose, carboxymethylcellulose, car 
boxymethyldextran, carageenan, cellulose sulphate, chron 
droitin sulphate, chitosan sulphate, dextran sulphate, gum 
arabic, gellan gum, heparin, hyaluronic acid, pectin, ami 
dated pectins, Xanthan gum, proteins and glycoproteins. 

12. An emulsion according to claim 1 Wherein the ?rst 
polycation is selected from the group consisting of chitosan, 
modi?ed dextrans, hydroxymethylcellulose trimethylamine, 
lysoZyme, polylysine, protamine sulphate, hydroxyethylcel 
lulose trimethylamine and proteins. 

13. An emulsion according to claim 10 Wherein the second 
polyanion is selected from the group consisting of alginate, 
carboxymethylamylose, carboxymethylcellulose, car 
boxymethyldextran, carageenan, cellulose sulphate, chron 
droitin sulphate, chitosan sulphate, dextran sulphate, gum 
arabic, gellan gum, heparin, hyaluronic acid, pectin, ami 
dated pectins, Xanthan gum, proteins and glycoproteins. 

14. An emulsion according to claim 10 Wherein the second 
polycation is selected from the group consisting of is selected 
from the group consisting of chitosan, modi?ed dextrans, 
hydroxymethylcellulose trimethylamine, lysoZyme, polyl 
ysine, protamine sulphate, hydroxyethylcellulose trimethy 
lamine and proteins. 

15. An emulsion according to claim 1 Wherein the Wherein 
the ?rst inner layer comprises at least one at least partially 
solid uncharged emulsi?er and at least one anionic emulsi?er. 


